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OFFSET SPACER SMOS PROCESS FOR FORMING N-TYPE TRANSISTORS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This patent application is related to United States 
Application No. 09/255,604, filed on February 22, 1999 by Yu, entitled 
"A Process for Forming Ultra-Shallow Source/Drain Extensions" (now U.S. 
Patent No. 6,184,097) and is also related to United States Application 

No. , filed on by Paton, et a!., entitled 

"Disposable Spacer SMOS Process for Forming N-Type Source/Drain 
Extensions" (Atty Docket No. 39153 641), both of which are 
incorporated herein by reference and assigned to the assignee of the 
present invention. 

FIELD OF THE INVENTION 

[0002] The present invention relates to integrated circuits 
and methods of manufacturing integrated circuits. More particularly, the 
present invention relates to a method of manufacturing SMOS integrated 
circuits having transistors with source and drain extensions. 

BACKGROUND OF THE INVENTION 

[0003] Integrated circuits (ICs), such as ultra-large scale 
integrated (ULSI) circuits, can include as many as one million transistors 
or more. The ULSI circuit can include complementary metal oxide 
semiconductor (CMOS) field effect transistors (FETs). The transistors can 
include semiconductor gates disposed between drain and source regions. 
The drain and source regions are typically heavily doped with a P-type 
dopant (e.g., boron) or an N-type dopant (e.g., phosphorous or arsenic). 

[0004] The source and drain regions generally include a 
thin extension that is disposed partially underneath the gate to enhance 
transistor performance. Shallow source and drain extensions help to 
achieve immunity to short-channel effects which degrade transistor 
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performance for both N-channel and P-channel transistors. Short-channel 
effects can cause threshold voltage roll-off and drain-inducted barrier 
lowering. Controlling short-channel effects is particularly Important as 
transistors become smaller. 

[0005] Conventional techniques utilize a double implant 
process to form deeper source and drain regions and shallow source and 
drain extensions. According to the conventional process, source and 
drain extensions are formed by providing a transistor gate structure 
without sidewall spacers on a top surface of a silicon substrate. The 
silicon substrate is doped on both sides of the gate structure via a 
conventional doping process such as a thermal diffusion process or an ion 
implantation process. Without the sidewall spacers, the doping process 
introduces dopants into a thin region (i.e., just below the top surface of 
the substrate) to form the source and drain extensions, as well as to 
partially form the source and drain regions. 

[0006] After the source and drain extensions are formed, 
silicon dioxide or silicon nitride spacers, which abut lateral sides of the 
gate structure, are provided over the source and drain extensions. The 
substrate is doped a second time to form the deeper source and drain 
regions, which are necessary for proper silicidation. The source and drain 
extensions are not further doped due to the blocking capability of the 
silicon dioxide spacer. 

[0007] SMOS processes are utilized to increase transistor 
(MOSFET) performance by increasing the carrier mobility of silicon, 
thereby reducing resistance and power consumption and increasing drive 
current, frequency response, and operating speed. Strained silicon Is 
typically formed by growing a layer of silicon on a silicon germanium 
substrate or layer. Germanium can also be implanted, deposited, or 
otherwise provided to silicon layers to change the lattice structure of the 
silicon and increase carrier mobility. 
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[0008] The silicon germanium lattice associated with the 
germanium substrate is generally more widely spaced than a pure silicon 
lattice, with spacing becoming wider with a higher percentage of 
germanium. Because the silicon lattice aligns with the larger silicon 
germanium lattice, a tensile strain is created in the silicon layer. The 
silicon atoms are essentially pulled apart from one another. Relaxed 
silicon has a conductive band that contains six equal valance bands. The 
application of tensile strength to the silicon causes four of the valance 
bands to increase in energy and two of the balance bands to decrease in 
energy. As a result of quantum effects, electrons effectively weigh 30 
percent less when passing through the lower energy bands. Thus, lower 
energy bands offer less resistance to electron flow. 

[0009] In addition, electrons meet with less vibrational 
energy from the nucleus of the silicon atom, which causes them to 
scatter at a rate of 500 to 1,000 times less than in relaxed silicon. As a 
result, carrier mobility is dramatically increased in strained silicon 
compared to relaxed silicon, providing an increase in mobility of 80 
percent or more for electrons and 20 percent or more for holes. The 
increase in mobility has been found to persist for current fields up to 
1 .5 megavolt/centimeter. These factors are believed to enable device 
speed increase of 35 percent without further reduction of device size, or a 
25 percent reduction in power consumption without a reduction in 
performance, 

[0010] Heretofore, forming source and drain extensions on 
strained semiconductor layers has been difficult using conventional double 
implant processes. For example, compensation is required for N-type 
dopants to reduce enhanced lateral diffusion under the edge of the gate. 
Enhanced lateral diffusion causes overlap of source and drain extensions 
in the channel, thereby resulting in short channel effects. 

[0011] Low annealing temperatures and low thermal 
budgets are often utilized to reduce short channel effects. However, low 
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annealing temperatures and low thermal budgets can cause suppressed 
diffusion of P-type dopants in strained silicon. Suppressed boron diffusion 
can prevent sufficient overlap of the gate and the source and drain 
regions, thereby resulting in lower drive currents (Id(sat)). 

[0012] Thus, there is a need for an SMOS process which 
compensates for the adverse effects of enhanced lateral diffusion of 
N-type dopants and yet allows sufficient diffusion of P-type dopants. 
Further still, there is a need for a process optimized to reduce short 
channel effects associated with diffusion of source and drain extensions. 
Yet further, there is a need for SMOS transistors that are less susceptible 
to short channel effects. Even further still, there is a need for an efficient 
method of fabricating source and drain regions in an SMOS process. 

SUMMARY OF THE INVENTION 
[0013] An exemplary embodiment relates to a method of 
manufacturing an integrated circuit. The method includes providing a first 
gate structure and a second gate structure on a semiconductor substrate 
including a strained semiconductor layer. The first gate structure and the 
second gate structure each include a first spacer. The first gate structure 
is provided above a first area of the strained semiconductor layer and the 
second gate structure is provided above a second area of the strained 
semiconductor layer. The method also includes providing a first masking 
layer above the first area, forming first deep source and drain regions in 
the strained semiconductor layer in the second area, removing the first 
masking layer, and masking the second area with a second masking layer. 
The method also includes providing a second spacer to the first gate 
structure and forming second deep source and drain regions in the 
strained semiconductor layer in the second area. 

[0014] Another exemplary embodiment relates to a 
method of manufacturing an ultra-large scale integrated circuit including a 
plurality of field effect transistors having gate structures. The method 
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includes steps of selectively providing deep source and drain regions for a 
first group of the field effect transistors, selectively providing offset 
spacers for a second group of the field effect transistors, and selectively 
providing source and drain regions for the second group. The second 
group of field effect transistors is different than the first group of the field 
effect transistors. The first group and the second group are provided on a 
top surface of a strained semiconductor layer. 

[0015] Still another exemplary embodiment relates to a 
process of forming source and drain regions on a semiconductor 
substrate. The process includes forming a plurality of gate structures on 
a top surface of a strained silicon layer, covering a first set of gate 
structures, forming deep source and drain regions on each side of the 
second set of the gate structures, and uncovering the first set of gate 
structures. The method further includes covering the second set of gate 
structures, providing spacers for the first set of gate structures, and 
forming deep source and drain regions on each side of the first set of the 
gate structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Exemplary embodiments of the present invention 
will hereafter be described with reference to the accompanying drawings, 
wherein like numerals denote like elements, and 

[0017] FIGURE 1 is a general flow diagram showing an 
SMOS process for forming source and drain regions for N-type and P-type 
transistors in accordance with an exemplary embodiment of the present 
invention; 

[0018] FIGURE 2 is a schematic cross-sectional view of a 
portion of an integrated circuit substrate for use in the process illustrated 
in FIGURE 1, the integrated circuit substrate includes a strained 
semiconductor layer; 
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[0019] FIGURE 3 is a cross-sectional view of the portion of 
the integrated circuit illustrated in FIGURE 2, showing a providing a pair of 
gate structures step; 

[0020] FIGURE 4 is a schematic cross-sectional view of 
the portion of the integrated circuit substrate illustrated in FIGURE 3, 
showing a deep source and drain doping step; 

[0021] FIGURE 5 is a schematic cross-sectional view of 
the portion of the integrated circuit substrate illustrated in FIGURE 4, 
showing a providing an offset spacer step; 

[0022] FIGURE 6 is a schematic cross-sectional view of 
the portion of the integrated circuit substrate in FIGURE 5, showing 
another deep source and drain doping step; 

[0023] FIGURE 7 is a schematic cross-sectional view of 
the portion of the integrated circuit substrate illustrated in FIGURE 6, 
showing an insulative layer deposition step; 

[0024] FIGURE 8 is a general flow diagram showing an 
SMOS process for forming source and drain regions for N-type and P-type 
transistors in accordance with another exemplary embodiment; and 

[0025] FIGURE 9 is a schematic cross-sectional view of a 
portion of the integrated circuit substrate in accordance with another 
exemplary embodiment manufactured by the process illustrated in 
FIGURE 8. 



DETAILED DESCRIPTION OF 
THE PREFERRED AND EXEMPLARY EMBODIMENTS 

[0026] With reference to FIGURES 1 and 7, a portion 10 
of a strained semiconductor (SMOS) integrated circuit 1 2 (FIGURE 7) is 
manufactured in a process 100 (FIGURE 1). In one embodiment, process 
1 GO forms transistors in a strained layer above a compound 
semiconductor layer. The transistors are less susceptible to short channel 
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effects caused by lateral diffusion due to the use of offset spacers in 
process 100. 

[0027] Integrated circuit 1 2 can include a semiconductor 
device or portion thereof made from any of the various semiconductor 
processes such as a complementary metal oxide semiconductor (CMOS) 
process or any other semiconductor process. Portion 10 of integrated 
circuit 1 2 shown in FIGURE 7 may be an entire IC or a portion of an IC 
and may include a multitude of electronic components. Preferably, 
integrated circuit 1 2 includes at least a P-channel and an N-channel SMOS 
field effect transistor on respective first and second areas of portion 10. 

[0028] As shown in FIGURES 2-7 and 9, reference 
numerals reflecting the same number reflect similar structures on areas of 
portion 10. In one embodiment, the area associated with gate structure 
32A is an area for P-type transistors. Conversely, the area associated 
with gate structure 32B is an area for N-type transistors. An isolation 
structure such as shallow trench isolation structure or LOCOS structure 
can separate the transistors associated with gate structures 32A and 
32B. 

[0029] With reference to FIGURE 7, integrated circuit 12 
includes a semiconductor/germanium layer, such as a silicon/germanium 
layer 14, a strained semiconductor layer, such as a strained silicon layer 
16, and a substrate 13. Gate structures 32A-B are disposed between 
source and drain regions 22A-B and 24A-B. Source and drain regions 
22A-B and 24A-B can include extensions. 

[0030] Process 100 can be utilized to form integrated 
circuit 12. According to process 100, integrated circuit 1 2 is formed by 
providing source and drain regions 22B and 24B (for NMOS) after an 
offset spacer is provided. The offset spacer increases the distance 
between regions 22B and 24B and an edge of gate conductor 46B. The 
increased distance compensates for the enhanced lateral diffusion of 
arsenic (As) dopants which are particularly problematic for NMOS 
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transistors formed on strained layers. Regions 22A and 24A for PMOS 
transistors are formed without a second spacer or an offset spacer 
because diffusion of P-type dopants such as boron (B) is suppressed in 
strained layers. 

[0031] At a step 52, process 100 provides a substrate 
with a strained semiconductor layer such as layer 16 (FIGURE 7). In a 
step 54, gate structures (structures 32A-B) with a first spacer material 
(spacers 33A-B in FIGURE 7) are provided above the strained layer. At a 
step 56, source and drain regions 22A and 24A are provided. Preferably, 
gate structure 32B is covered with a masking material and regions 22A 
and 24A are doped in an ion implantation process. Regions 22A and 24A 
are subsequently annealed. 

[0032] At a step 58, the masking material above gate 
structure 32B is removed and a masking material is provided over gate 
structure 32A. A second spacer or offset spacer, such as spacer 43 
(FIGURE 7), is provided to gate structure 32B. In a step 62, source and 
drain regions 22B and 24B are provided. Regions 22B and 24B can be 
doped by an ion implantation process. Regions 22B and 24B are 
subsequently annealed. 

[0033] In one alternative embodiment, gate structure 32A 
can also include spacers such as spacer 43. In such an embodiment, the 
masking layer can be provided after spacers 43 are provided. Such 
process protects the masking layer from the etch-back step associated 
with the formation of spacers 43. 

[0034] Gate structures 32A-B (FIGURE 7) between source 
and drain regions 22A-B and 24A-B include gate conductors 46A-B and 
gate dielectrics 21 A-B. Gate dielectrics 21 A-B are preferably 5-30 
Angstroms thick. Gate dielectrics 21 A-B can be silicon dioxide (Si02), 
silicon nitride (Si3N4), or another high-k dielectric material. 
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[0035] Gate conductors 46A-B are surrounded by 
dielectric spacers 33A-B. Gate conductors 46A-B can be a metal or 
doped polysilicon material approximately 500-2000 A thick. Dielectric 
spacers 33A-B can be comprised of a silicon dioxide or silicon nitride 
material. 

[0036] Gate structure 32B includes offset spacers 43. 
Offset spacers 43 are preferably between approximately 50 and 200 A 
wide and approximately 500-2000 A thick. In a preferred embodiment, 
the combination of spacers 43 and 33B have a width of 500 angstroms. 
According to an exemplary embodiment, spacers 33A and 33B can have a 
width of approximately 500 angstroms and a height of between 
approximately 500 and 2000 angstroms. 

[0037] Spacers 43 can be the same or different material 
than spacers 33B. In one embodiment, spacers 33B are silicon dioxide 
and spacers 43 are silicon nitride. 

[0038] Source and drain regions 22A-B and 24A-B 
preferably extend through the entire thickness or nearly the entire 
thickness (i.e., at least 75%) of layer 16. Source regions 22A-B and drain 
region 24A-B are preferably approximately 1000 angstroms deep and are 
formed by ion implantation. 

[0039] Preferably, process 1 00 advantageously utilizes a 
doping technique which compensates for the lateral and vertical diffusion 
associated with source and drain extensions. Regions 22A-B and 24A-B 
can have a concentration of between approximately 10^^ to 10^' dopants 
per cm^. The dopants can include boron (B) (P-type), arsenic (As) (N- 
type), phosphorous (P), boron difluoride (BF2), etc. In the embodiment in 
which the transistor of gate structure 32B is an NMOS transistor and the 
transistor of gate structure 32A is a PMOS transistor, regions 22B and 
24B are preferably doped with arsenic (As) and regions 22A and 24A are 
doped with boron (B). 
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[0040] Referring to FIGURES 2 through 7, a cross- 
sectional view of the portion of integrated circuit (IC) 12 is illustrated. 
Integrated circuit 12 is subjected to process 100 (FIGURE 1) to form an 
integrated circuit 12 including at least two transistors. Integrated circuit 
12 can include a multitude of SMOS transistors with gate structures 
32A-B and silicided source and drain regions 22A-B and 24A-B fabricated 
as explained below. 

[0041] In FIGURE 2, a multilayer structure 1 1 is provided 
as an integrated circuit wafer including a strained layer such as strained 
silicon layer 1 6 provided over a semiconductor/germanium layer such as 
silicon/germanium layer 14. Layer 14 can be provided above substrate 
13. 

[0042] Substrate 1 3 is optional and integrated circuit 1 2 
can be provided with layer 14 as the bottom-most layer. Substrate 13 
can be the same material or a different material than layer 1 4. In one 
embodiment, substrate 1 3 is a semiconductor substrate, such as a silicon 
substrate upon which layer 14 has been grown. 

[0043] Silicon/germanium layer 14 is preferably a silicon 
germanium or other semiconductor material including germanium, and can 
be doped with P-type dopants or N-type dopants. Layer 14 can be an 
epitaxial layer provided on a semiconductor or an insulative base, such as 
substrate 13. Furthermore, layer 14 is preferably a composition of silicon 
germanium (Sii-x Gex, where X is approximately 0.2 and is more generally 
in the range of 0.05-0.3). Layer 14 can be grown or deposited. 

[0044] In one embodiment, layer 14 is grown above 
substrate 13 by chemical vapor deposition (CVD) using disilane (Si2H6) 
and germane {GeH4) as source gases with a substrate temperature of 
approximately 650°C, a disilane partial pressure of approximately 30 mPa 
and a germane partial pressure of approximately 60 mPa. Growth of 
silicon germanium material may be initiated using these ratios, or, 
alternatively, the partial pressure of germanium may be gradually 
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increased beginning from a lower pressure or zero pressure to form a 
gradient composition. Alternatively, a silicon layer can be doped by ion 
implantation with germanium or by another process to form layer 14. 
Preferably, silicon/germanium layer 14 is grown by epitaxy to a thickness 
of less than approximately 5000 angstroms (and preferably between 
approximately 1500 angstroms and 4000 angstroms). 

[0045] Strained silicon layer 1 6 is formed above layer 1 4 
by an epitaxial process. Preferably, layer 1 6 is grown by CVD at a 
temperature of approximately 600°C. Layer 16 can be a pure silicon 
layer and have a thickness of up to 500 angstroms. Preferably, layer 1 6 
is 50-150 angstroms thick. Layer 14 maintains the strained nature of 
layer 16 throughout process 100. 

[0046] Layers 1 4 and 1 6 can include isolation regions 
which separate active regions for transistors on structure 1 1 . Isolation 
regions can be insulating regions such as silicon dioxide regions formed in 
conventional local oxidation of silicon (LOCOS) processes. Alternatively, 
isolation regions can be formed in a shallow trench isolation (STI) process. 

[0047] In FIGURE 3, gate structures 32A-B including gate 
conductors 46A-B, spacers 33A-B, and gate dielectrics 21A-B are formed 
above a top surface of layer 16 in step 54. In one embodiment, spacers 
33A-B can be silicon dioxide (Si02) spacers formed in a conventional 
deposition (e.g., CVD) and etch-back process. Spacers 33A-B can be 
500 angstroms wide and 500-2000 angstroms tali. Alternatively, spacers 
33A-B can be silicon nitride {Si3N4) or another insulative material. 

[0048] Gate dielectrics 21 A-B are preferably a thermally 
grown or deposited silicon dioxide layer. Alternatively, gate dielectrics 
21 A-B can be a silicon nitride layer or can be a high-k gate dielectric layer. 
In one embodiment, gate dielectrics 21 A-B are a 5-30 angstroms 
thermally grown silicon dioxide layers. 
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[0049] Conductors 46A-B and gate dielectrics 21 A-B of 
gate structures 32A-B are preferably lithographically patterned. 
Conductors 46A-B are formed from a 500-2,000 angstroms thick metal or 
polysilicon layer. In a preferred embodiment, conductors 46A-B are doped 
polysilicon layers deposited by chemical vapor deposition (CVD). 

[0050] In FIGURE 4, the portion of integrated circuit 12 
associated with gate structure 32B is masked. Preferably, a masking 
layer 51 is provided above the surface associated with the area of portion 
10 associated with gate structure 32B. Preferably, masking layer 51 is 
an approximately 2500 angstrom thick layer of UV photoresist material. 
Layer 51 does not cover the portion of integrated circuit 1 2 associated 
with gate structure 32A. Layer 51 can be provided by spin coating, 
deposition, or other application techniques. Preferably, layer 51 covers 
gate structure 32B. 

[0051] After layer 51 is provided, portion 10 is subjected 
to an ion implantation process to form source and drain regions 22A and 
24A. The ion implantation process dopes layer 1 6 to form deep source 
and drain regions (regions 22A and 24A). Preferably, an ion implantation 
technique is utilized to form regions 22A and 24B. For a P-type transistor 
for gate structure 32A, regions 22A and 24A are heavily doped with 
boron (B) dopants and subjected to a rapid thermal annealing (RTA) 
process to appropriately diffuse and activate the dopants within layer 16. 
Preferably, an energy of approximately 2.2 keV and a dose of 
approximately lei 8 atoms/cm^ of BF2 is utilized to implant regions 22A 
and 24A having a depth of approximately 300 angstroms. A spike anneal 
at a temperature of between approximately 1 1 00 and 1 300°C may then 
be utilized. 

[0052] In FIGURE 5, layer 51 is stripped in step 58 of 
process 100. In one embodiment, a chemical wet-etching process is 
utilized to remove layer 51 , In another embodiment, a dry etching 
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process such as a plasma dry etch process is utilized. Removing layer 51 
exposes layer 16 at an area associated with gate structure 32B. 

[0053] After layer 51 is stripped, a masking layer 53 
similar to layer 51 is provided selectively above layer 16 and gate 
structure 32A (FIGURE 5). In particular, layer 53 covers an area 
associated with gate structure 32 A. After layer 53 is provided, an offset 
spacer or second spacer 43 is provided to gate structure 32B in step 58. 

[0054] Spacer 43 can be provided in a deposition and 
etch-back process. Spacer 43 can be similar to spacer 33B. In one 
preferred embodiment, spacer 43 is SiN material, is 500-2,000 angstroms 
tall and approximately 100 angstroms wide at its base. The width of 
spacers 43 and 338 provides sufficient distance to prevent adverse 
effects of enhanced lateral diffusion associated with doping regions 228 
and 248. 

[0055] In FIGURE 6, after spacer 43 is provided, layer 16 
is doped to provide dopants for NMOS transistors in step 58. Layer 16 is 
doped to form deep source and drain regions (regions 228 and 248). 
Preferably, an ion implantation technique is utilized to form regions 228 
and 248. In N-type transistor, regions 228 and 248 are heavily doped 
with arsenic (As) dopants and subjected to a rapid thermal anneal process 
to appropriately diffuse and activate the dopants within layer 16. 
Preferably, an energy of approximately 3.0 keV and a dose of 
approximately lei 8 atoms/cm^ is utilized to implant regions 228 and 248 
having a depth of approximately 300 angstroms. 

[0056] Regions 22A-8 and 24A-8 as well as gate 
conductors 46A-8 can be silicided in a conventional process. In FIGURE 
7, an insulative layer 57 can be provided above gate structures 32A-B 
and source and drain regions 22A-B and 24A-B. Layer 57 can be a 
4,000-6,000 angstroms thick silicon dioxide layer deposited by 
tetraethylorthosilicate (TEOS) techniques. 
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[0057] According to an alternative embodiment of process 
100, a reverse order can be utilized in which gate structure 32B and the 
area associated with the NMOS transistors is covered. In this 
embodiment, source region 22B and drain region 24B are formed before 
source region 22A and drain region 24A. However, the preferred 
embodiment of process 100 utilizes the order described with reference to 
FIGURES 2-7 in which regions 22A and 24A are formed first to prevent 
enhanced diffusion of dopants associated with the N-type transistor. The 
annealing steps associated with the P-type transistor (gate structure 32A) 
may cause additional diffusion of N-type dopants if regions 228 and 248 
are formed first. 

[0058] With reference to FIGURE 8, a process 200 
includes similar steps to process 100. However, process 200 utilizes a 
zero spacer technique for PMOS transistors. In a step 1 52, similar to step 
52, a substrate is provided with a strained layer. In a step 154, similar to 
step 54, a gate structure is provided on NMOS and PMOS portions of the 
integrated circuit, such as integrated circuit 12. However, the gate 
structures are unlike gate structures 32A and 328 in that a first spacer is 
not provided. As shown in FIGURE 9, gate structure 32A does not 
include spacers 33A (FIGURE 7). Gate structure 32A is shown without 
any spacers (e.g., a zero spacer process). Such a structure is particularly 
advantageous in strained silicon processes in which boron diffusion is 
retarded. 

[0059] In step 156, deep source and drain regions 22A 
and 24A are formed for the transistor associated with gate structure 32A. 
Preferably, the gate structure associated with 32A is utilized in a P- 
channel transistor. In a step 1 58, spacers 83 are provided to gate 
structure 328. Spacers 83 act as an offset spacer for the formation of 
source region 228 and drain region 248. At a step 1 62, source and drain 
regions are implanted for the transistor associated with gate structure 
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32B. Preferably, gate structure 32B is associated with an N-type 
transistor. 

[0060] Spacers 83 can be fabricated sinnilar to spacers 
33A and 33B (FIGURE 7). Other elements with similar reference numerals 
in FIGURE 9 can have dimensions and can be manufactured from 
materials similar to the materials described with reference to FIGURE 7. 

[0061] The selected provision of spacers 83, source and 
drain regions 22A and 24A, and source and drain regions 228 and 248 
can be achieved by the use of masking layers similar to layers 51 and 53 
described with reference to FIGURES 4 and 5. 

[0062] In one embodiment, source and drain regions 22A 
and 228 are completed in processes ICQ and 200 after extensions are 
formed in a conventional lightly doped drain (LDD) process. In an 
alternative embodiment, a removable spacer can be utilized so that 
extensions are formed after the deep areas associated with source and 
drain regions 22A-8 are formed. Such a technique is described in related 
patent application entitled "Disposable Spacer SMOS Process for Forming 
N-Type Source/Drain Extensions" by Paton et al. and incorporated herein 
by reference. 

[0063] Processes ICQ and 200 can be designed to have 
low annealing temperatures. Low annealing temperatures are 
conventionally used for diffusion after annealing temperatures (low 8t) at 
different levels (Dt) in strained layers, such as layer 16. Applicants 
believe that in SMOS processes, the As/B diffusion differential can be 
reduced for anneals performed below a temperature of approximately 
700°C. For example, a solid phase epitaxy (SPE) anneal at a temperature 
of 550-650°C for 1-3 minutes can reduce the diffusion differential 
between arsenic and boron. Further, a low temperature (e.g., 
900°C-1,000°C) anneal for approximately 10 seconds may also reduce 
the diffusion differential. According to an alternative embodiment, a 
spike anneal as described above may be utilized. 
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[0064] In another ennbodiment, the area associated with 
transistors of gate structure 32A (P-channel transistors) can be provided 
with a compressive strain to improve mobility. Poor mobility in the P- 
channel is an acute problem in SMOS technology, where N-channel 
mobility is increased by a large factor such that the imbalance between 
PMOS and NMOS transistors becomes even worse. In such an 
embodiment, gate structure 32A is implanted with germanium to provide 
higher mobility. 

[0065] It is understood that while preferred embodiments, 
examples, materials, and values are given, they are for the purpose of 
illustration only. The apparatus and method of the invention are not 
limited to the precise details and conditions disclosed. For example, 
although implantation of arsenic and boron dopants are discussed, other 
doping methods and dopants could be utilized. Thus, changes may be 
made to the details disclosed without departing from the spirit of the 
invention, which is defined by the following claims. 
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